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Abstract ,Q WKH SDSHU D 3(67/( SROLWLFDO HFRQRPLF
VRFLDO WHFKQLFDO OHJDO DQG HQYLURQPHQWDO DQDO\VLV LV XVHG WR
FRQGXFW DQ LQLWLDO HYDOXDWLRQ IRU HOHFWULF YHKLFOHV (9 DQG
JDVROLQHFDUV)XUWKHUPRUHWZRFDVKIORZPRGHOVDUHFUHDWHGWR
GHVFULEH WKH VFHQDULRV RI ERWK JDVROLQH DQG HOHFWULF FDU
UHVSHFWLYHO\ %DVHG XSRQ WKH SURSRVHG PRGHOV WKH HTXLYDOHQW
XQLIRUP DQQXDO FRVW (8$& PHWKRGRORJ\ LV XVHG WR FDOFXODWH
WKHFRVWGXULQJWKHSHULRGRIFDURZQHUVKLS)RXUFRPSDFW(9V
DQGILYHFRPSDFWJDVROLQHFDUVDUHVHOHFWHG LQWKHDQDO\VLV7KH
UHVXOWV H[SRVH WKDW WKH DFWXDO UHWXUQ RI IHGHUDO WD[ FUHGLW
LPSDFWV WKH (8$& YDOXH 7KH  UHWXUQ RI WD[ FUHGLW ZLOO
FDXVH WKDW WKH JDVROLQH FDU LV WKH ZLQQHU GXULQJ RZQHUVKLS $
(8$& VHQVLWLYLW\ DQDO\VLV DJDLQVW JDVROLQH SULFHV DQG GLIIHUHQW






7KH LQFUHDVH LQ SRSXODWLRQ LQ WKH QH[W \HDUV DQG WKH
QXPEHU RI YHKLFOH RSHUDWLRQV ZLOO LQFUHDVH JOREDOO\ E\
PLOOLRQV WR ELOOLRQV ,I WKH JDVROLQH YHKLFOHV ZLWK LQWHUQDO
FRPEXVWLRQHQJLQHSURSHODOOWKHVHYHKLFOHVRQHFDQUDLVHWKH
TXHVWLRQZKHUHWKHUHTXLUHGRLOZLOOFRPHIURPDQGZKDWWKH
UDPLILFDWLRQV LQ WKH IXWXUHFRXOGEH1DWXUDOO\ WKHUHZLOOEH
DQLQFUHDVLQJSROOXWLRQRIWKHHQYLURQPHQW$OWKRXJKHOHFWULF
YHKLFOHV DOUHDG\ KDYH EHHQ H[LVWLQJ IRU DSSUR[LPDWHO\ 
\HDUV>@ WKHLU UHDO EUHDNWKURXJK WULJJHUHG E\ WKH ULVLQJ
DZDUHQHVV RI HQYLURQPHQWDOLVP ZDV DW WKH EHJLQQLQJ RI WKH
VW FHQWXU\>@ 7KH\ SOD\ DQ LPSRUWDQW UROH LQ DGGUHVVLQJ
LVVXHVOLNHUHGXFLQJSHWUROHXPGHSHQGHQF\DQGHPLVVLRQV
7KHGHPDQGIRUHOHFWULFFDUVZDVLQFUHDVLQJDQGRLOSULFHV
NHSW JRLQJ XS RYHU WKH SDVW IHZ \HDUV HOHFWULF FDUV DUH
PDUNHWHGDVWKHQH[WELJWKLQJDQGDOVRDVDVROXWLRQWRVDYH
PRQH\7KHRYHUZKHOPLQJDPRXQWRIIHGHUDOVWDWHDQGORFDO
VXSSRUW IRU WKHQDWLRQDO WUDQVLWLRQ WR WKHXVHRIHOHFWULFFDUV
FRPELQHG ZLWK VWURQJ FROODERUDWLRQV EHWZHHQ WKH FDU
PDQXIDFWXUHUV LQGXVWULHVDQGSROLF\PDNHUVPDNHHYHU\RQH
H[SHFW WKHHOHFWULFFDUV WR WDNHRYHU WKH86PDUNHW(OHFWULF
FDUPDQXIDFWXUHUVDQGFRQVXPHUVDUHRIIHUHGPDQ\LQFHQWLYHV
E\WKHVWDWHDQGIHGHUDOJRYHUQPHQWVWRHQFRXUDJHWKHVDOHVRI
HOHFWULF FDUV>@ 7KHVH HOHFWULF FDUV DUH FRQVLGHUHG WR EH
HQYLURQPHQWDO IULHQGO\ DV WKH\ FRQVXPH QHJOLJLEOH WR ]HUR
IRVVLO IXHOV YHU\ HDV\ WR KDQGOH HIILFLHQW DQG UHOLDEOH 7KH
HOHFWULF FDUV VHHP WR EH RQ WKH YHUJH RI EUHDNLQJ WKURXJK
EHFDXVH WKH\ RIIHU VLJQLILFDQW HQYLURQPHQWDO EHQHILWV
HVSHFLDOO\LQWKHXUEDQDUHDV,QQRYDWLYHEXVLQHVVPRGHOVDUH
GHVLJQHG LQ VXFK D ZD\ WKDW WKH\ ZRXOG ERRVW FRQVXPHU
DFFHSWDQFHDQGRYHUFRPHWKHUHPDLQLQJEDUULHUVVXFKDVKLJK
EDWWHU\ FRVWV JUHHQ HOHFWULFLW\ VXSSO\ DQG FKDUJLQJ
LQIUDVWUXFWXUH
,QDOPRVWHYHU\FRXQWU\DQGHVSHFLDOO\ LQ WKH86$LW LV
FKHDSHU WR SRZHU XS DQ HOHFWULF YHKLFOH WKDQ WR IXHO XS D
JDVROLQH RQH>@ $Q HOHFWULF FDU ZLOO QRW VSRLO WKH
HQYLURQPHQW KLJKO\ EHFDXVH LW UHOHDVHV OHVV FDUERQ GLR[LGH
SROOXWLRQ WKDQ D JDVROLQH FDU ZLWK DQ LQWHUQDO FRPEXVWLRQ
HQJLQH7KHGLVDGYDQWDJHRIDQHOHFWULFFDULVWKHKLJKLQLWLDO
LQYHVWPHQW WR RZQ WKH YHKLFOH EXW VDYLQJV FDQ EH HDUQHG
ZLWK UHVSHFW WR WKHJDVROLQHSULFHV DQG DQQXDOPDLQWHQDQFH
5LJKWQRZWKHEDWWHU\OLIHWLPHRIHOHFWULFFDUVLVDVXEMHFWWR





7KH GHFLVLRQ WR FRQGXFW WKH DQDO\VLV ZLWK IRFXV RQ WKH
QHDUIXWXUHZLWKLQWKHFXUUHQWWRSLFZDVEDVHGRQWKHUHVHDUFK
ILQGLQJWKDWWKHDYHUDJHFDURZQHUVKLSLQWKH86LVDERXWVL[
\HDUV :LWKLQ WKH 3(67/( 3ROLWLFDO (FRQRPLF 6RFLDO
7HFKQRORJLFDO/HJDODQG(QYLURQPHQWDODQDO\VLVERWK WKH




PDUNHW IRU WKH HOHFWULF FDUV ZDV PRUH GRPLQDQW LQ WKH
FRPSDFW FDU VHJPHQW WKDQ LQ DQ\ RWKHU VHJPHQWV $OWKRXJK
WKHUH DUH D IHZ UHSUHVHQWDWLYHV IRU HOHFWULF FDUV LQ RWKHU
VHJPHQWVVXFKDVVWDQGDUGDQGVHGDQFODVVWKH\DUHVWLOOQRW
FORVHHQRXJKWRWKHQXPEHUDYDLODEOHIRUWKHVDPHVHJPHQWRI
JDVROLQHFDUV+HQFH LWZDVGHFLGHG WRVWLFN WRFRPSDFWFDU
VHJPHQW LQ HDFK W\SH ,Q WKH FRPSDFW FDU VHJPHQW RI HDFK
W\SHWKURXJKWKHGDWDFROOHFWHGIRUDOOYDULDQWVIURPGLIIHUHQW
VRXUFHVQLQHFDUV LQ WRWDOZHUHFKRVHQ)RXUUHSUHVHQWDWLYHV
IURP WKH HOHFWULF FDUV VHJPHQW ZKLFK DUH Honda Fit EV
Chevrolet Spark Nissan Leaf Ford Focus BEV 7KH
JDVROLQH FDUV FKRVHQ IRU WKH ILQDQFLDO FRPSDULVRQ ZLWK WKH
HOHFWULFFDUVDUH.LD6RXO7R\RWD&RUROOD/Mazda3 I SV
Honda Civic LXFord Focus S Sedan
$IWHU FRQVLGHULQJ PDQ\ IDFWRUV IRU WKH ILQDQFLDO
FRPSDULVRQ WKH ILQDO GHFLVLRQ ZDV PDGH RQ WKH IROORZLQJ
VHYHQ IDFWRUV Depreciation Financing Insurance State 
feesMaintenance costFuelRepairs
$WILUVWWKH(8$&YDOXHZDVFDOFXODWHGIRUWKHSHULRGRI
RZQHUVKLS XS WR VL[ \HDUV IRU HDFK FDU LQ HDFK VHJPHQW
)LQGLQJRXW WKH(8$&YDOXHPDNHV LWSRVVLEOH WR UHFRJQL]H
WKHEHVWFDUGXULQJRZQHUVKLS$OVRZLWKWKHKHOSRI(8$&
YDOXHV RQH FDQ VHH WKH GLIIHUHQFH LQ YDOXHV IRU HDFK FDU RI
HDFK W\SH &RPELQLQJ WKH GLIIHUHQFHV IRU DOO WKH VL[ \HDUV
RQH FDQ REVHUYH D WUHQG WR GHFLGH LI WKH (8$& YDOXHV DUH
FRQVWDQWO\LQFUHDVLQJGHFUHDVLQJRUIOXFWXDWLQJFRQVWDQWO\
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,Q DGGLWLRQ D VHQVLWLYLW\ DQDO\VLV IRU IOXFWXDWLRQ LQ ERWK
WD[ FUHGLW DQG JDVHOHFWULFLW\ SULFH ZDV FRQGXFWHG 7KH
LQWHQWLRQLQDSSO\LQJDVHQVLWLYLW\DQDO\VLVLVRQWKHRQHKDQG
WR ILQG RXW WKH FULWLFDO YDOXHV DW ZKLFK WKH UHVXOWV RI D
VFHQDULRFKDQJHIURPRQHWRWKHRWKHUDQGPDNHVLWSRVVLEOH





%DVHG RQ WKH UHYLHZLQJ RI DUWLFOHV DQG ZHE VRXUFHV DQ
DQDO\VLV RI ERWK WKH HOHFWULF FDUV DQG WKH JDVROLQH FDUV ZLWK
3(67/( LV SRVVLEOH WR VHH ZKDW H[WHUQDO PDFUR HIIHFWV GR
KDYH DQ LQIOXHQFH RQ WKH WHFKQRORJLHV DV ZHOO DV RQ WKH
UHVSHFWLYH PDUNHW IRU WKH YHKLFOHV +HUH LW LV LPSRUWDQW WR
PHQWLRQ WKDW RQO\ WKH HIIHFWV RI WKH UHVSHFWLYH VXUURXQGLQJ
FKDUDFWHULVWLFV RQ WKH WHFKQRORJLHV ZHUH FRQVLGHUHG DQG QRW





RI HOHFWULF FDUV WKDW DOORZJHWWLQJ D WD[ FUHGLW GHSHQGLQJRQ
WKHSXUFKDVLQJ\HDUWKHVWDWHDQGHVSHFLDOO\WKHLQFRPHOHYHO
RI WKH RZQHU>@  0RUHRYHU LV WKH 8QLWHG 6WDWHV¶ 1DWLRQDO
,QQRYDWLRQ6\VWHPLQWHUHVWHGLQNHHSLQJEXLOGLQJWKHQDWLRQ
V
FRPSHWLWLYH DGYDQWDJH LQ WKH 3(9FDU WHFKQRORJ\ DQG
SURYLGHV WKHUHIRUH WKURXJK WKH 'HSDUWPHQW RI (QHUJ\ /RDG
3URJUDPV 2IILFH /32 DQQXDO IXQGLQJ IRU LQQRYDWLYH
WHFKQRORJLHV >@>@>@>@ 7KH JDVROLQH FDUV RQ WKH RWKHU
KDQG DUH SROLWLFDOO\ LQIOXHQFHG E\ KHDY\ OREE\LQJ LQ WKH
86$ ZKLFK UHVXOWV LQ D VWURQJ PDUNHW SRVLWLRQ >@
)XUWKHUPRUH GRHV WKH86 HFRQRP\ UHO\ DPRQJRWKHU WKLQJV
RQRQJRLQJFRQVXPSWLRQRIJDVROLQHFDUVWRPDLQWDLQJURZWK








VFDOH DUH QRW DV GHYHORSHG DV HFRQRPLHV RI VFRSH IRU WKH
PDQXIDFWXULQJRIHOHFWULFFDUVDQGWKHXVHGPDWHULDOVOLNHWKH
EDWWHU\ DUH PRUH H[SHQVLYH WKH SURGXFWLRQ FRVWV DUH
VLJQLILFDQWO\ KLJKHU DQG DV D FRQVHTXHQFH WKH UHWDLO SULFH
FXVWRPHUV KDYH WR SD\ LV REYLRXVO\ KLJKHU FRPSDUHG WR
JDVROLQHFDUV>@>@7KHIDFWWKDWWKHWHFKQRORJ\LVQRWDV
PXFK H[SORLWHG DQG QRW DV VRSKLVWLFDWHG \HW DV WKH JDVROLQH
FDUVHOHFWULFYHKLFOHVWHQGWRKDYHDQLQFUHDVHGVHQVLWLYLW\WR
VFDUFLWLHV WKHUHIRUHLQFUHDVHGPDLQWHQDQFHFRVWVDQGDPXFK
IDVWHU ORVV RI YDOXH>@>@>@ 7KLV ZLOO EH FRQVLGHUHG LQ
PRUH GHWDLO LQ WKH ³7HFKQRORJLFDO´ VHFWLRQ RI WKH 3(67/(
,QVXUDQFHSROLFLHVIRU3(9VDUHPRUHRYHUPDLQO\WKHVDPHDV
IRUJDVROLQHFDUV7KHUHDVRQLV WKDW LQVXUDQFHFRPSDQLHVGR
QRW HVWDEOLVK DQ\ VSHFLILF PRGHOV IRU HOHFWULF YHKLFOHV DQG
WKXV (9V DUH MXVW KDQGOHG DV QRUPDO JDVROLQH FDUV 6RPH
LQVXUDQFH SURYLGHUV KRZHYHU RIIHU KLJKHU SULFHV IRU 3(9V




WKH FDU PDQXIDFWXUHUV WKH JRYHUQPHQW RU WKH FDU RZQHUV
WKHPVHOYHV" :KRHYHU ZLOO EH WKH FDUULHU RI WKH HYDFXDWLRQ
FRVWV LVJRLQJWREHDQDGGLWLRQDOILQDQFLDOOLDELOLW\>@>@
$QRWKHUYHU\ LPSRUWDQWPD\EH WKHPRVW LPSRUWDQW IDFWRURI
FRVW FRPSDULVRQ FRQFHUQLQJ WKH YLDELOLW\ LV WKH HQHUJ\ DQG
HVSHFLDOO\WKHJDVSULFH7KH2LOSULFHGHFUHDVHGDORQHLQWKH
ODVWPRQWKVIRUPRYHUSHUEDUUHOWRSHUEDUUHODQG
ZLWK WKH 86 EHFRPLQJ WKH ZRUOG¶V ODUJHVW RLO SURGXFHU LQ
WKLVWUHQGLVYHU\OLNHO\WRFRQWLQXH>@>@2EYLRXVO\











WKHLU SUDFWLFDELOLW\ RYHU FHQWXULHV ZKLFK UHVXOWHG LQ D KLJK
GHJUHHRIWUXVW$QRWKHUFULWLFDOSRLQWLVWKHTXHVWLRQKRZWKH






7KH WHFKQRORJLFDO HIIHFWV RQ HOHFWULF FDUV DUH WKH ORZ
PLOHDJHUHODWHG WREDWWHU\ OLIHZKLFK OHDGV WR WURXEOHGXH WR
ORQJ GLVWDQFHV WR EH FRYHUHG >@>@ LQ WKH QRUWKZHVW DQG
HVSHFLDOO\ LQ FROG VHDVRQV >@>@ 2Q WKH RWKHU KDQG
SURYLGHV WKH OLJKWZHLJKWFRQVWUXFWLRQ >@ RI WKH FDUV
WHFKQLFDOO\ DQ HIILFLHQF\ RI  7KLV KRZHYHU LV RQO\
YDOLG LI WKHHQHUJ\ WRFKDUJH WKHFDU LVH[FOXVLYHO\SURGXFHG
E\UHQHZDEOHHQHUJLHV,IWKHSRZHUFRPHVIURPIRVVLOHQHUJ\
WKHHIILFLHQF\GHFUHDVHVGUDPDWLFDOO\IHZHUWKDQZKLFK
PDNHV LW DFWXDOO\ ORZHU WKDQ IRU JDVROLQH FDUV >@ (YHQ LI
WKH WKUHDW LV UHDOO\ ORZ EDWWHULHV VWLOO PLJKW EORZ XS DQG
UHSUHVHQW WKXV D GDQJHU IRU WKH RZQHUV>@ >@ $QRWKHU
LVVXH LV WKH VWLOO ORQJ FKDUJLQJ WLPHV IRU 3(9V 7KH PRVW
SRZHUIXOFKDUJHUV ULJKWQRZVWLOO WDNHXS WRPLQXWHV>@
7KLVLVHVSHFLDOO\RQORQJMRXUQH\VRUIRUEXVLQHVVWULSVDQR
JR 7KH HQWLUH SURGXFWLRQ SURFHVV RI JDVROLQH FDUV LV
PRUHRYHUKLJKO\GULYHQE\HFRQRPLHVRIVFDOHZKLFKPDNHV
LW UHDOO\KDUG WRFRPSHWHHYHQ WKRXJK WKHPDQXIDFWXUHVFDQ
XVHWKHHVWDEOLVKHGHFRQRPLHVRIVFRSH>@7KHLQGXVWU\LV
LQFRQWUDVWWRWKH3(9VYHU\PDWXUHZLWKWRQVRILQQRYDWLRQV
DQG WHFKQRORJLHV DQG FRQWLQXRXV LPSURYLQJ HQJLQHV DQG
SURGXFWLRQSURFHVVHV>@>@
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E. Environmental Impacts
7KH (QYLURQPHQWDO LPSDFWV RQ WKH HOHFWULF FDUV DUH D
WHFKQLFDOO\ LQILQLWH VRXUFH RI SRZHU LI WKH HOHFWULFLW\ LV
SURGXFHG WKURXJK UHQHZDEOH HQHUJLHV ZKLFK LV QRW WKH FDVH
IRU WKHHQWLUH86>@ >@*DVROLQHFDUVRQ WKHRWKHUKDQG
DUH GHSHQGHQW RQ D ILQLWH VRXUFH RI IRVVLO RLO +RZHYHU DV
DOUHDG\ VWDWHG DERYH WKH RLO SURGXFWLRQ LQ WKH86 LQFUHDVHV
PDVVLYHO\ DQG SULFHV DUH GHFOLQLQJ $ IXUWKHU LVVXH LV
PRUHRYHU WKH GLVSRVDO RI EDWWHULHV 7KHUH GRQ¶W H[LVW DQ\




5LJKW QRZ WKHUH H[LVW WZR PDLQ VWDQGDUGV IRU IDVW
FKDUJLQJ WHFKQRORJLHV IRU HOHFWULF YHKLFOHV LQ WKH 86 WKH\
FDQQRW EH XVHG ZLWK HDFK RWKHU 7KXV D OHJDOO\ IRUFHG
VWDQGDUGL]DWLRQ LV UHTXLUHG >@ )XUWKHUPRUH GRHV WKH
TXHVWLRQDULVHZKHWKHUWKHJRYHUQPHQWRUWKHFRPSDQLHVDUH
SD\LQJ IRU WKH H[WHQVLRQ RI WKH FKDUJLQJ LQIUDVWUXFWXUH >@






7KHUH DUH PDQ\ GLIIHUHQW PRGHOV RI JDVROLQH FDUV EXW
WKHUHDUHQRWPDQ\PRGHOVRI(9FDUV0RVWRIDIIRUGDEOH(9





LQ WKH 8QLWHG 6WDWHV ,Q  QHZFDU EX\HUV NHSW WKHLU
YHKLFOHVIRUDERXWPRQWKV7KHOHQJWKRIFDURZQHUVKLSV
GHSHQGVRQWKHRYHUDOOMREPDUNHW,IWKHXQHPSOR\PHQWUDWH
LV KLJK WKH QHZYHKLFOH PDUNHW ZLOO VORZ GRZQ DQG SHRSOH
ZLOO NHHS WKHLU YHKLFOHV ORQJHU 1RZ LW KDV UHWXUQHG WR MXVW






,Q RUGHU WR SHUIRUP WKH ILQDQFLDO DQDO\VLV RQH QHHGV WR
GHWHUPLQH WKH PLQLPXP DFFHSWDEOH UDWH RI UHWXUQ 0$55
%DVHG XSRQ WKH 86 'HSDUWPHQW RI WKH WUHDVXU\ >@ LW LV
SRVVLEOHWRILQGRXWILYH\HDUDQGVHYHQ\HDU7QRWHUDWHVWKDW
DUHDQGUHVSHFWLYHO\7KHVWXG\LQJSHULRGFDQ
JRXS WRVL[\HDUVDQG WKXV WKHDYHUDJHRI WKHILYH\HDUDQG
VHYHQ\HDUUDWHZDVWDNHQZKLFKPHDQVLQQXPEHUVD0$55
UDWHRI
)LJXUH  DQG )LJXUH  GHPRQVWUDWH WKH FDVK IORZ PRGHO







EH FRQVLGHUHG LQ WKH VHQVLWLYLW\ DQDO\VLV 6RPH VWDWHV >@
PD\KDYHRWKHULQFHQWLYHVIRU(9FDUVEXWZLWKLQWKLVSDSHU
WKHUHLVQRWDIRFXVRQWKHORFDOLQFHQWLYHVLQRUGHUWRUHGXFH
WKH FRPSOH[LW\ 7KH PDUNHW YDOXH RI D FDU ZLOO EH GLIIHUHQW
HYHU\\HDUEHFDXVHRIGHSUHFDWLRQDQGWKHDQQXDOH[SHQVHLV
GLIIHUHQWDVZHOOEHFDXVHPDLQWHQDQFHFRVW UHSDLUFRVW IXHO
FRVW HWF PD\ FKDQJH 7KH FDU RZQHU ZLOO QRW PDNH SURILW
GXULQJ WKH RZQHUVKLS RI WKH FDU EXW KHVKH ZRXOG OLNH WR
PLQLPL]HWKHFRVWGXULQJWKHRZQHUVKLS
7KHUH DUH D IHZ GLIIHUHQW PHWKRGRORJLHV >@ VXFK DV
3: ): $: &: DQG (8$& WR SHUIRUP HFRQRPLF
DQDO\VLVIRURZQLQJDFDU(8$&LVWKHEHVWZD\WRHYDOXDWH

































$36,625 $27,010 $28,980 $35,170 $16,900 $17,400 $17,995 $19,190 $16,810

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7KHHTXDWLRQEHORZLVXVHGWRFDOFXODWHWKH(8$&YDOXHܧܷܣܥ௞ሺ݅	?ሻா௏ ൌ ܫ ቀ஺௉ ǡ ݅	 ?ǡ ݇ቁ Ȃ൬ܶܥ ቀ௉ி ǡ ݅	 ?ǡ 	 ?ቁ൰ ቀ஺௉ ǡ ݅	 ?ǡ ݇ቁ െܯ ௞ܸ ቀ஺ி ǡ ݅	 ?ǡ ݇ቁ ൅ቂ	? ܧ௝ ቀ௉ி ǡ ݅	 ?ǡ ݆ቁ௞௝ୀଵ ቃ ቀ஺௉ ǡ ݅	 ?ǡ ݇ቁ
ܧܷܣܥ௞ሺ݅	?ሻீ௔௦௢௟௜௡௘ ൌ ܫ ቀ஺௉ ǡ ݅	 ?ǡ ݇ቁ Ȃܯ ௞ܸ ቀ஺ி ǡ ݅	 ?ǡ ݇ቁ ൅ቂ	? ܧ௝ ቀ௉ி ǡ ݅	 ?ǡ ݆ቁ௞௝ୀଵ ቃ ቀ஺௉ ǡ ݅	 ?ǡ ݇ቁ:KHUH, LQLWLDOLQYHVWPHQW0653RIDFDUE礈?E? PDUNHWYDOXHDWWKHHQGRIWKHNWKVWXG\SHULRG. VWXG\SHULRG
7& WD[FUHGLW

:HGHILQH ܥܧ௞ሺ݅	ꠒ? ൌ	? ܧ௝ ቀ௉ி ǡ ݅	 ?ǡ ݆ቁ௞௝ୀଵ :HFDOO&(DVFXPXODWLYHH[SHQVH
7KXV E\ VXEVWLWXWLQJ WKHሺ	ꠒ?H[SUHVVLRQ RI HTXDWLRQ
LQWRWKHH[SUHVVDQGHTXDWLRQDQGEHFRPHܧܷܣܥ௞ሺ݅	?ሻா௏ ൌ ܫ ቀ஺௉ ǡ ݅	 ?ǡ ݇ቁ Ȃ൬ܶܥ ቀ௉ி ǡ ݅	 ?ǡ 	 ?ቁ൰ ቀ஺௉ ǡ ݅	 ?ǡ ݇ቁ െܯ ௞ܸ ቀ஺ி ǡ ݅	 ?ǡ ݇ቁ ൅ܥܧ௞ ቀ஺௉ ǡ ݅	 ?ǡ ݇ቁܧܷܣܥ௞ሺ݅	?ሻீ௔௦௢௟௜௡௘ ൌ ܫ ቀ஺௉ ǡ ݅	 ?ǡ ݇ቁ Ȃܯ ௞ܸ ቀ஺ி ǡ ݅	 ?ǡ ݇ቁ ൅ܥܧ௞ ቀ஺௉ ǡ ݅	 ?ǡ ݇ቁ ቀ஺௉ ǡ ݅	 ?ǡ ݇ቁ7KH GDWD IRU VL[ \HDUV ZDV REWDLQHG IURP ,QWHOOL&KRLFH¶
ZHEVLWH>@>@>@>@>@>@>@>@>@ DQG WKH GDWD LV
EDVHGXSRQWKHPLOHVHDFK\HDU7KHWK\HDULVEDVHG
XSRQWKHFDUGHSUHFDWLRQUDWH>@>@WRHYDOXDWHWKHPDUNHW
YDOXHIRU WKHFDU,QIDFW WKHGHSUHFLDWLRQUDWH LVGHWHUPLQHG









WKH (8$& IRU HOHFWULF UHVSHFWLYHO\ JDVROLQH FDUV ,W LV
DVVXPHGWKDWWKHRZQHUJHWVIXOOWD[FUHGLWDVDUHWXUQ
$VPHQWLRQHGDERYHWKHRZQHUPD\QRWJHWWKHIXOODPRXQW
RI WD[ UHWXUQDQG LIQRW WKLV LVJRLQJ WR LPSDFW WKH(8$&V
7KHOLQHRI&(LQWKHWDEOHLVWKHFXPXODWLYHH[SHQVHGHILQHG
E\HTXDWLRQ7KHOLQHRI3:RI7&LVWKHSUHVHQWZRUWKRI
WKH UHWXUQ RI WD[ FUHGLW *HQHUDOO\ VSHDNLQJ WKH QXPEHU RI
(8$&ZLOOEHGHFUHDVLQJZLWKWKHLQFUHDVHRIWKHRZQHUVKLS
SHULRG +RZHYHU WKH (8$& QXPEHU IRU DQ (9 PD\
H[SHULHQFHDQ LQFUHDVHDQG WKHQGHFUHDVHEHFDXVHRI WKH WD[
FUHGLW
7DEOHVKRZVWKH(8$&FRPSDULVRQRIDOOFDUVLQFDVHRI
WKH IXOO  WD[ FUHGLW)RU WKLV FDVH WKH&KHYUROHW6SDUN
(9/7'U+DWFKEDFNLVWKHHFRQRPLFDOO\PRVWYLDEOHFDU
7DEOH  VKRZV WKH (8$& FRPSDULVRQ IRU RQO\  WD[








0 1 2 3 4 5 6
$17,400
$3,319 $1,261 $1,247 $1,100 $983 $870
$14,081 $12,820 $11,573 $10,473 $9,490 $8,620
Financing $675 $538 $395 $246 $87 $0
Insurance $1,468 $1,468 $1,468 $1,468 $1,468 $1,468
StateFees $103 $67 $68 $64 $64 $64
Fuel $1,534 $1,558 $1,583 $1,609 $1,634 $1,659
Maintenance $0 $17 $468 $691 $487 $700
Repairs $0 $0 $74 $160 $324 $600
Overall $3,780 $3,648 $4,056 $4,238 $4,064 $4,491
CE $3,712 $7,099 $10,940 $14,879 $18,589 $22,615










0 1 2 3 4 5 6
$36,625
$8,393 $2,983 $2,889 $2,733 $2,588 $1,831
$28,232 $25,249 $22,360 $19,627 $17,039 $15,208
Financing $1,436 $1,443 $839 $522 $185 $0
Insurance $1,621 $1,621 $1,621 $1,621 $1,621 $1,621
StateFees  $92 $90 $83 $81 $81
Fuel $497 $505 $513 $522 $530 $538
Maintenance $83 $99 $305 $494 $548 $600
Repairs $0 $0 $83 $178 $362 $200
Overall $3,769 $3,760 $3,451 $3,420 $3,327 $3,040
CE $3,701 $7,317 $10,585 $13,764 $16,801 $19,526




















FuelType Carmodel MSRP Y1 Y2 Y3 Y4 Y5 Y6
HondaFitEV4DrHatchback $36,625 $8,138 $6,996 $6,665 $6,522 $6,340 $6,173
ChevroletSparkEV2LT4DrHatchback $27,010 $5,504 $5,371 $5,409 $5,453 $5,351 $5,244
NissanLEAFS4DrHatchback $28,980 $4,509 $5,413 $5,782 $5,977 $5,915 $5,739
FordFocusBEV4DrHatchback $35,170 $6,320 $6,978 $7,208 $7,331 $7,163 $6,890
KiaSoul4DrWagon $16,900 $8,138 $6,996 $6,665 $6,522 $6,340 $6,173
ToyotaCorollaL4DrSedan $17,400 $7,418 $6,237 $6,009 $5,897 $5,771 $5,733
MazdaMazda3iSV4DrSedan $17,995 $7,537 $6,478 $6,169 $6,043 $5,874 $5,747
HondaCivicLX4DrSedan $19,190 $8,504 $6,985 $6,541 $6,315 $6,092 $5,914












FuelType Carmodel MSRP Y1 Y2 Y3 Y4 Y5 Y6
HondaFitEV4DrHatchback $36,625 $9,085 $8,178 $7,728 $7,445 $7,220 $6,896
ChevroletSparkEV2LT4DrHatchback $27,010 $9,254 $7,263 $6,682 $6,416 $6,128 $5,898
NissanLEAFS4DrHatchback $28,980 $8,259 $7,305 $7,055 $6,940 $6,693 $6,393
FordFocusBEV4DrHatchback $35,170 $10,070 $8,870 $8,481 $8,294 $7,941 $7,544
KiaSoul4DrWagon $16,900 $8,138 $6,996 $6,665 $6,522 $6,340 $6,173
ToyotaCorollaL4DrSedan $17,400 $7,418 $6,237 $6,009 $5,897 $5,771 $5,733
MazdaMazda3iSV4DrSedan $17,995 $7,537 $6,478 $6,169 $6,043 $5,874 $5,747
HondaCivicLX4DrSedan $19,190 $8,504 $6,985 $6,541 $6,315 $6,092 $5,914
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
)LJXUH  VKRZV WKH VHQVLWLYLW\ WR WKH UHWXUQ RI WKH WD[
FUHGLW &KHYUROHW 6SDUN (9 /7 'U +DWFKEDFN LV VWLOO
HFRQRPLFXQWLOWKHUHWXUQRIWKHWD[FUHGLW,IWKHUHWXUQ
LV OHVV WKDQ  RI WKH WD[ FUHGLW 7R\RWD &RUROOD / 'U
6HGDQZLOOEHWKHZLQQHU
7KH IXHO HOHFWULF DQG JDVROLQH SULFH LV DQRWKHU PDMRU
IDFWRU LPSDFWLQJ WKH FDOFXODWLRQ 7KH (OHFWULFLW\ SULFH LV
UHODWLYHVWDEOHZKHUHDVJDVROLQHSULFHVDUHLPSDFWHGE\PDQ\
XQFHUWDLQ IDFWRUV DQG WKH FKDQJH GRHV LPSDFW WKH GHFLVLRQ
7DEOHVKRZVWKHQDWLRQDODYHUDJHSULFHVIRUHOHFWULFLW\DQG
JDVROLQH 7KH JDVROLQH LQ  FRXOG EH GHFUHDVHG E\

)LJXUH VKRZV WKH(8$&VHQVLWLYLW\ DJDLQVW WKHFKDQJH
RIJDVROLQHSULFHVx ,Q )LJXUH D WKH UHWXUQ RI WD[ FUHGLW LV  DQG WKH
&KHYUROHW6SDUN(9LVWKHZLQQHU,IWKHJDVROLQHSULFHLV
GHFUHDVHG VLPSO\ E\  QRWKLQJ FKDQJHV DQG WKH
&KHYUROHW 6SDUN (9 LV VWLOO EHVW ,I WKH JDVROLQH SULFH LV
GHFUHDVHG VLPSO\ E\  VKRZQ LQ )LJXUH G WKH
7R\RWDFRUROODZLOOEH WKHZLQQHU LI WKHFDU LVRZQHGIRU
IRXU\HDUVRUORQJHUx ,Q )LJXUH G WKH UHWXUQ RI WD[ FUHGLW LV  DQG WKH




7R\RWD FRUROOD LV WKH ZLQQHU ,I WKH JDVROLQH SULFH LV















2012 2013 2014 2015Projected
Gasoline($/gallon.NationalWideAveragePumpPrice) 3.63 3.51 3.39 2.94
Electricity(ۖ/kwh,ResidentialAverage) 11.88 12.12 12.48 12.7
Year
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9, &21&/86,21

,QLWLDOO\ 3(67/( LV XVHG WR HYDOXDWH HOHFWULF FDUV DQG
JDVROLQH FDUV IURP VL[ LQIOXHQFLQJ IDFWRUV SROLWLFDO
HQYLURQPHQWDO VRFLDO WHFKQRORJ\ OHJDO DQG HFRQRPLF
)URP WKH HQYLURQPHQWDO SHUVSHFWLYH (9V PD\ KDYH
DGYDQWDJHV RYHU JDVROLQH FDUV +RZHYHU SHRSOH DUJXH WKDW
WKLV LV WUXH LI WKH HOHFWULFLW\ LV JUHHQ ,I QRW WKH SURFHVV WR
JHQHUDWHHOHFWULFLW\ZLOOSURGXFHJUHHQKRXVHJDVHVDVZHOO
)RXU FRPSDFW HOHFWULF FDUV DQG ILYH JDVROLQH FDUV DUH
VHOHFWHG WR FDOFXODWH WKH (8$& GXULQJ RZQHUVKLS %\
FRPSDULQJUHVSRQGHQW(8$&V LW LVSRVVLEOH WRILQGWKHEHVW
HFRQRPLFFDUDW WKHGLIIHUHQW UHWXUQRI IHGHUDO WD[FUHGLW IRU
(9V
7KH VHQVLWLYLW\ DQDO\VLV DJDLQVW WKH UHWXUQ RI WD[ FUHGLWV
VKRZVWKDWWKHEHVWHFRQRPLFFDULVWKH&KHYUROHW6SDUN(9
LI WKH IXOO UHWXUQ RI WD[ FUHGLW LV UHFHLYHG DQG WKH 7R\RWD
&RUROOD/'U6HGDQZLOOEH WKHZLQQHU LI WKH UHWXUQ LV OHVV
WKDQRIWKHWD[FUHGLW
7KH VHQVLWLYLW\ DQDO\VLV DJDLQVW WKH JDVROLQH VKRZV WKDW
WKHSUHIHUUHGFDUZLOOQRWEHSUHIHUDEOHDQ\PRUHLIWKHH[WHQW
RI WKH FKDQJH LV ELJ HQRXJK +RZHYHU LW LV UHDOO\ KDUG WR





,Q RUGHU WR UHGXFH WKH FDOFXODWLRQ FRPSOH[LW\ VWDWH
LQFHQWLYHVIRU(9VZHUHQRWLQFOXGHGLQWKHDQDO\VLVEHFDXVH
VWDWHLQFHQWLYHV>@PD\EHGLIIHUHQWRUGRQRWH[LVWDWDOO,Q
PRUH GHWDLOHG IXWXUH VWXGLHV VWDWH LQFHQWLYHV VKRXOG EH
FDWHJRUL]HGDQGFRQVLGHUHG








EH LPSDFWHG ,Q IXWXUH UHVHDUFK FRQGXFWLQJ D VHQVLWLYLW\
DQDO\VLV DJDLQVW WKHFKDQJHRI WKHQXPEHURIPLOHVSHU\HDU
ZRXOGEHYHU\VXLWDEOH
7KHJDVROLQHSULFHVUHODWH WRPDQ\XQFHUWDLQIDFWRUVVXFK
DV ZHDWKHU H[FKDQJH UDWHV DQG LQIODWLRQ JHRSROLWLFDO ULVNV
QRQ23(&VXSSO\JURZWK23(&SURGXFWLRQGHFLVLRQVVSDUH
SURGXFWLRQ FDSDFLW\ LQYHQWRULHV JOREDO HFRQRPLF JURZWK
DQG VSHFXODWLRQ KHGJLQJ LQYHVWPHQW >@ 7KH SURMHFWHG







>@ 0 %HOOLV Inventors - Electric Cars (1890 - 1930)
,QYHQWRUVDERXWFRP
>@ 8(EHUOHDQG5YRQ+HOPROWSustainable transportation based on EV 
concepts: a brief overview5R\DO6RFLHW\RI&KHPLVWU\




>@ 3 9DOGHV GM unveils Chevy Volt - Looking to the future (1) - 
CNNMoney.com0RQH\FQQFRP
>@ / /X ; +DQ - /L - +XD DQG 0 2X\DQJ ³$ UHYLHZ RQ WKH NH\
LVVXHV IRU OLWKLXPLRQ EDWWHU\ PDQDJHPHQW LQ HOHFWULF YHKLFOHV´ J. 
Power SourcesYROSS±0DU
>@ 5 $GDQ\ Switching algorithms for extending battery life in Electric 
Vehicles
>@ ³3OXJ,Q (OHFWULF 'ULYH 9HKLFOH &UHGLW ,5& '´ >2QOLQH@
$YDLODEOH KWWSZZZLUVJRY%XVLQHVVHV3OXJ,Q(OHFWULF9HKLFOH
&UHGLW,5&DQG,5&'>$FFHVVHG1RY@
>@ 5 $ %XUJHOPDQ DQG $ 6 *URYH ³7RZDUG (OHFWULF &DUV DQG &OHDQ
&RDO$&RPSDUDWLYH$QDO\VLVRI6WUDWHJLHVDQG6WUDWHJ\0DNLQJLQWKH
86DQG&KLQD´
>@ 5 ' $WNLQVRQ ³8QGHUVWDQGLQJ WKH 8  6  1DWLRQDO ,QQRYDWLRQ
6\VWHP´QR-XQHSS±




















>@ ³6KRSSLQJ IRU 8VHG (OHFWULF &DUV´ >2QOLQH@ $YDLODEOH
KWWSZZZFDUID[FRPJXLGHVFDUUHVHDUFKK\EULGHOHFWULFHOHFWULF
FDUV>$FFHVVHG'HF@




>@ ³&DOLIRUQLD ,QVXUDQFH 'LVFRXQWV &DOLIRUQLD &DU +RPH 	 /LIH
,QVXUDQFH _ )DUPHUV´ >2QOLQH@ $YDLODEOH
KWWSZZZIDUPHUVFRPFDOLIRUQLD>$FFHVVHG'HF@
>@ ³1HZ $XWR ,QVXUDQFH 'LVFRXQWV´ >2QOLQH@ $YDLODEOH
KWWSVZZZHOHFWULFLQVXUDQFHFRP3URGXFWVB6HUYLFHV$XWRGLVFRXQWVQ
HZBDXWRBGLVFRXQWVLQGH[DVS>$FFHVVHG'HF@






>@ ³$OWHUQDWLYH )XHOV 'DWD &HQWHU %DWWHULHV IRU +\EULG DQG 3OXJ,Q
(OHFWULF 9HKLFOHV´ >2QOLQH@ $YDLODEOH
KWWSZZZDIGFHQHUJ\JRYYHKLFOHVHOHFWULFBEDWWHULHVKWPO
>$FFHVVHG'HF@
>@ ³8QFRYHULQJ WKH SRVWYHKLFOH YDOXH LQ OLWKLXPLRQ EDWWHULHV _ (ZDVWH
DQG %DWWHULHV  8QLWHG 6WDWHV  5HF\FOLQJ 1HZV _ 5HF\FOLQJ
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>@ ³2LO 3ULFH /DWHVW 3ULFH 	 &KDUW IRU &UXGH 2LO  1$6'$4FRP´
>2QOLQH@ $YDLODEOH KWWSZZZQDVGDTFRPPDUNHWVFUXGH
RLODVS["WLPHIUDPH P>$FFHVVHG'HF@










>@ ³$OWHUQDWLYH )XHOV 'DWD &HQWHU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>$FFHVVHG'HF@
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@ ³7KH &ROG 7UXWK ,F\ 7HPSV &DQ 6ODVK $Q (OHFWULF &DU¶V 5DQJH %\




>@ ³+RZ 7HFKQRORJ\ &RXOG 5HGXFH WKH &ROG :HDWKHU 'UDLQ RQ (9
%DWWHULHV _ 0,7 7HFKQRORJ\ 5HYLHZ´ >2QOLQH@ $YDLODEOH
KWWSZZZWHFKQRORJ\UHYLHZFRPQHZVHOHFWULFYHKLFOHVRXW
LQWKHFROG>$FFHVVHG'HF@
>@ ³$OO(OHFWULF 9HKLFOHV´ >2QOLQH@ $YDLODEOH
KWWSZZZIXHOHFRQRP\JRYIHJHYWHFKVKWPO >$FFHVVHG 'HF
@
>@ ³$UH (OHFWULF &DUV 6DIH LQ $FFLGHQWV"  +RZ6WXII:RUNV´ >2QOLQH@
$YDLODEOH KWWSDXWRKRZVWXIIZRUNVFRPDUHHOHFWULFFDUVVDIHLQ
DFFLGHQWVKWP>$FFHVVHG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